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SUMMARY

As part of a general investigation of me~hodsof
calculating hinge-moment ‘and lift characteristics of
control surfaces on finite-span wings from two-dimensional”-
data, the electromagnetic-analogy method was used to Pro-..._.
vide lifting-surface-theory solutions applicable to the
determination of aspect-ratio corrections for the slope - ‘

. of the curve of hinge-moment coefficient against flap
deflection. Solutions were obtained for two vortex
patterns representing unswept elliptlc wings having aspect
ratios of 3. The chordwise loads corresponded to a thin
airfoil with a 0.5-chord plain flap and to a thin airfoil
with parabolic-arc camber, both in two-dimensional flow.
The vertical component of the induced-velocity field of
the two vortex patterns was detemnined; however, the
actual method of applying the results to hinge-moment and”
lift computations is not discussed.

—

- . __ .

— .—

.-

A comparison of the results of the present measure-
ments with those of previous tests indicated that the
increment of induced downwash at the Q.5-chord line over
the value predicted by lifting-line theory is a linear
function of the center-of-pressure coefficient. This
increment decreases as the center of pressur-e moves toward-
the trailing edge of the airfoil. The induced csmber
decreases as the center of pressure of the two-dimensional ‘ “-

● load mo-ves toward the leading edge. This variation does .—

not appear to be linear?

.
INTRODUCTION

Lifting-line theory has proved inadequate for the
computation of the hinge-moment characteristics of control
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surfaces of finite-span wings from two-dimensional data.
I,ifting-surfaco-theory solutions for thin unswept elliptic
wings at an angle of attack have been used in computing
the slope of’ the curve of hinge-moment coefficient &Cainst-
angle of attack for small angles of attack (~eference 1).
The results- were- in good agreement with experiment.

A description of the electromagnetic-analogy method
of’ solvlng lifting-sv.rface-theory problems is presented
in reference 2. Two electromagnetic-analogy models were
constructed and tested to provide lifting-surface-theory
solutions applicable to the determination of aspect-ratio
corrections f’or the slope of the curve of hinge-moment
coefficient against flap deflection. The models were
elliptic in plan fo~m and had an aspect ratto of 3. The
chordwise loadings corr9spond8d t~ a thin airfoil with
a C).5.,.chtirClplain flap and to a thin alrf’oil with
parabolJc-arc camber., both in two-dimensional flow.
The present. report gives the results of these tests and
a comparison with values predicted on the basis of liftLng-
line theory.
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SYMBOLS

circulation from leadfng edge to general point

()

Lift
section lift coefficient —qc

angle of attack

angle of attack for infinite aspect ratio

flap deflection

section slope of curve of lift coefficient with

angle of attack
dcz

()~6

section slope of curyq o-f lift coefficienbwi.th

flap deflection
()

dcz

X a.

section lift effectiveness
(
\

free-stream dynamic pressure
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ef

fluid density

free-stream velocity

vertical component of induced velocity

wing span

wing area

aspect ratio (b2/S)

wing chord .,. -

wing chord at plane of symmetry ——

flap chord

ratio of maximum ordinate nf a tfin parabalic-arc -

()

‘max
airfoil to its semichord

~ .

msximum ordinate of thin parabolic-arc airfoil -:.

center-of-pressure coefficient (ratio of distance
of center of pressure from leading edge to
chord)

chordwise distance from wing leading edge

spanwi.se distance from plane of symmetry

parameter defining choi=dwise position

(coS-, p - ~))

parameter defining flap location $s-,(% -g)

Subscripts:

LL lifting-line theory.

max r~aximum
.

pa parabolic-arc-camber chord loading

flap flap_chord loading . ..—
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ELECTROMAGNETIC-ANALOGY MODELS

Vortex Patterns

In order to construct electromagnetic-analogy models
of the wing with flap and the wing witih parabolic-arc
camber, the vortex patterns that are to represent the two
wings and their wakes must first be determined. The load
was assumed to be distributed chordwise according to thin-
airf’oil theory and spanwise in proportion to the chord.

~lli@iC win~ with ~.~ -chord-flap cb~ord loading.-
The ratio of t~—circulation from the letiding edge of the
airfoil to a point x at any spanwise station to the
total circulation from the leading edge to the trailing ““
edge is given by the chordwise circulation function 2r/ccLv,
Fror, thin-airfoil theory the value of tk!.s function for”a
fist plate with.a plain flap is

I
1- 00s (e- ef)

()2j7
(n- ef)(e+Sine) +(oose -cosef)lo&oo~ ~ I+0sinf3f- C08 Elf=

Cczv
~flap Tl(lY-ef+6in0f)

(1)

This relation may be derived from the velocity-potential
functions presented in reference 3 and is shown in figure 1
for a flap-chord ratio of 0.5.

The load per unit span ccJq

i.s given by

Cczq = c(2n)(a~)czbq

= cs{~

whence

at a general point y

(z~) @6)czt5q

—.

Contour lines of the product 2r/cgv6 of the span-

wise loading fmction cc~”~cg~ and the chordwise

.
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, ()a“circulation function — determine the vortex
CCJV

.-

flap
pattern of the wing with flap. Fi~.re 2

contour lines in terms 02 the parameter

shows 10 of these

/( )

—.-.-
.Zi”211——

c~v6
csv6)mx

— --

Elliptic wing With. parabolic-arc-camber chord
loadin g.- A thin airfoil with parabolic-arc csmber at
zero angle of attack has an elliptic chord.wise pressure
distribution. The chordw~se circulation func~ion for
such a pressure distribution may be shown to be

(2)

. A plot of the function is presented in figure 3.
.

The load per unZt span Cczq at a general point y
. is given by ,—

V= 2Trc~ 1 -

whence

()-L2M
b/2

The vortex pattern of the wing with parabolic-arc-
camber chord loading is determined by contour lines of
tkie product 2T\c=V~ of the spanwise loading func-
tion

—
. cc~/c~p and the chordwise circulation func-

()

2r
tion — Ten contour lines for the, elliptic wing

. Cczv ~a”

with parabolic-arc camber are presented in.figure ~.
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Construction of Electrolnati-etic-Analogy Models

In order to s?mplil’y construction, only one semispan
of each win-g was simulated. The models were constructed

by fastaning 1
—inch-thick aluminum and brass strips to
16

sheets of plywood. The span or each model, was 8.33 feet,
which is considerably larger than the spans of previous
electrmnagnetic-analow~ nmdels tested (references 2 and 4).
A larger span was used to increase the accuracy of the
simulation of the vortex sheet and @ tim measurement of
the magnetic-field stren@h. Details of’ the construction
and the method of’ introducing the current into the strips
at the center secbion af the model are shown in figure 5.
The lead-in wires at the center section were perpendicular
to the plane of the simulated vortex sheet so that the
current flowin~ through these wires would not induce
downwash in that plane.

Downwash Measurements

The method employed’ in making the measurements of
the vertical component of the magnetic field induced by
the electromagnetic-analogy models is described in refer-
ence 2. Measurements at the magnetic-field strength at-”
both the real and the reflection points were made because
only one semispan of each wing was simulated. The induced
tiownwash was determined from the sum of the two readings.
The induced magnetic-field strength was measured at about
50 chordwise points for five vertical heights and 20 span-
wise positions for both models. Curves were faired thyough
the measured data and. extrapolations to zero height were
made for six or seven clmrdwise stations . The extrapolated
values a~ magnetic-field strength were tk.en convert--d tcJ
the nondi~ensional downwash wb ~ma./

Corrections applied for the finite length of the
trailing vmrtic= were computed by assuming t% loading
to be a ‘~irple rectangular loading (see reference 2).
Experience has shown that this approximation gives correc-
tions of satisfactory accuracy.
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PRESENTATION OF RESULTS

Elliptic Wing with 0.5-Chord-Flap Chord I@ading

According to a combination of lifting-line theory
and thin-airfoil theory, the nondimensional down-
wash wb/.7max for an elliptic wing with a chord loading ._ _..

corresponding to that of a 0.5-chord ~lain flap in two-
.—

dimensional flow is given by .- .-

()
wb

~nm= ‘i
LL

(x/c.< 0.5) (3a) ‘---

(x/c> 0.5) (3b)--

. The term # represents the downwash induced by the trailing
4

vortices as comuuted by lifting-line theory. According
to thin-airfoil theory the downwash induced by the bound
vorticity is zero for all points ahead of the flap bdnge
line, where the slope of the surface is zero (equation (3a)). “
The second term of equation (3b) represents the downwa:h
Induced by the bound vorticity behind the flap hinge line,
where the slope of the surface is G. FOP an aspect ratio
of 3 and a 0.5-chord flap, this term has a value of 0..!+59. .-

Values of the nondimensional downwash wb,/2rmm for

the wing with flap chord loading, determined by the
electromagnetic-analogy method,

——
are pr-ese-nted in f’igure 6 ““” ‘“

as a function of chordwise location for various spanwise
positions. The lifting-line-theory values predicted_by
equation (3) are included for comparison. These data =e”_
replotted in figure 7 with the lifting-line-theory values
(equation (3)) subtracted. This operation removes the

.

...=

discontinuity of the flap hinge line. .—
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Elliptic Wing with Parabolic-Arc-Camber Chord

According to a combination of lifting-line

No. 1064

Inading

theory
and thin -airf~il theory, the nondimensional down- -
wash wb\~max for an elliptic wing with a chord loading
corresponding to that of a thin parabolic-arc airfoil at
zero angle of attack in two:dimensional flow is

(4)

‘The first term
rermesents the

on the right-hand side of equation (~~)
downwhsh induced by the trailing vortices

as-determined from lifting-line theory and the-second,
that Induced by the bound vortiicity according to thln-
airfoil theory.

Measured values of the parameter wb\21’max are

presented in fi~ure 8. In order to give & better lllus-
trati.on of the induced camber, the lifting-line-theory
values of the induced-downwash par”tieter (equation (4))
were subtracted from the meam.med values and the results
were plotted against spanwise location Pm various chord-
wise stations in figure 9,

DISCUSSION OF RESULTS b

Induced Angle of Attack
.

Lifting-surface-theory solutions of unswept elliptic
wings show the induced camber to be approximately psra-
bolic, since the chordwise variation of downwash is
approximately linear (see figs. 6 and 8). Because the
angle of attack of a thin airfoil of parabolic shape is
given by the slope of the mean line at the O.~-chord
point (reference 4), the induced angle of attack at the
0.5-chord line of an unswept elliptic wing Is a measure
of the induced loading of angle-of-attack chord loading.
This induced angle of attack is thus determined from the
values of the downwash ‘b\~max at the 0.5-chord point.

\

In figure 10 values of the induced downwash wb/’2Pm~
at the 0.5-chord line, reduced by the amount predicted on

.
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.
the basis of lifting-line theory, are plotted against the
center-of-pressure coefficient of the two-dimensional

. 10ad. The value for the angle-of-attack chord loading
was obtained from reference 2. The increment in induced
downwash appears to be directly proportional to the loca-
tion of the center of pressure; the increWent decreases
as the center of pressure moves toward the trailing edge
of the airfoil.

Induced Csinber- *
-.

The induced camber or so-called streamline curvature
(references 1 and ,4) is extremely important in determining
the aspect-ratio corrections to hinge moments. The induced
camber results in an increment of elliptic chord loading,
which causes large changes in the pressure distribution
near the airfoil trailing edge.

The induced camber as measured by the parameter
.

/a”?Jlax/
is presented in figure 11 for three types of

. b(x/c)
chord loading. The data for the angle-of-attack chord
loading are obtained from reference 2. The induced cfiber
decreased at all spanwise stations as the center of__pressure
moved toward the leading edge of the airfoil;_ however, no
simple relation for expressing the variation is apparent. ,_.

CONCLUSIONS

Surveys of the vertical component of’ the induced
velocity field of two vortex patterns have been made by
the electromagnetic-analogy method. The vortex pat~erns
represented elliptic wings having aspect ratios of ~ and
chordwise loads corresponding to a thin airfoil with a
0.5-chord flap and a tlQn airfoil with parabolic-arc ““-
camber, both in two-dimensional flow-. A study of the
results of the present measurements and those previously

. made of a.vortex pattern representing a wing of the same
plan form with an angle-of-attack chord loading indicated _ __” _
the following conclusions:

.

1. The increment of induced downwash at the 0.5-chord
line above the value predicted by lifting-line theory is —
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a linear function of the center-of-pressure location; the
increment decreases as the center of pressure moves toward
the trailing edge of’ the airfoil,

2. The induced camber ~~creageg.a~me ~~~te~of
pressure of the section Icad moves toward the leading
edge . The variation does not appear to be linear.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Lan~ley Field, Vs., November 23, 19~5
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